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A series of fluorene-based rod–coil block copolymers with different lengths of fluorine-containing coil
segments (poly[2,7-(9,9-dihexylfluorene)]-block-poly (2,2,3,3,4,4,4-heptafluorobutyl methacrylate), PF-
b-PHFBMA) were well designed and successfully synthesized via atom transfer radical polymerization
(ATRP). The thermal behavior, optical properties and surface properties of these rod–coil block copolymers
were investigated. The thermal properties of the copolymers presented a good thermal stability, while the
optical properties did not show a noticeable dependence on the lengths of the coil segments. In addition,
they showed a high dependence on the self-assembly behavior in selective solvents. The surface properties
were obviously influenced by the structure of the micelles formed in different selective solvents (i.e. THF,
CHCl3 and C2F3Cl3). The incorporation of the fluorine-containing coil segments in the polyfluorene-based
polymers yielded a low energy surface and various interesting surface morphologies, which gives the
polymers many potential applications.
Introduction
Conjugated polymers, such as polyfluorene,1,2 polythio-
phene3,4 and polypyrrole5,6 have attracted great attention
since the discovery of electrical conductivity in doped
polyacetylene in the 1970s.7,8 Among them, fluorene-based
polymers have been extensively studied and are one of the
most promising materials for commercial applications due to
their excellent properties such as a high photoluminescence
efficiency and good processability.9–12 It is well-known that
polymers containing fluorine-groups have improved proper-
ties, such as increased rigidity, thermal stability, chemical and
oxidative resistance and hydrophobicity and a high tendency
for phase separation with hydrocarbon segments.13–18
Combining fluorine with conjugated polymers has created
great interest from both the scientific and industrial perspec-
tives. In previous literature,19,20 polyfluorene has been
functionalized with fluorine, fluorinated benzene or perfluor-
oalkyl groups. The incorporation of fluorinated moieties in the
coil segment to form a rod–coil block copolymer has not yet
been reported.
It is also well-known that conjugated rod–coil block copoly-
mers can self-assemble in selective solvents to form a diverse
array of nanostructures, which is due to microphase separation
caused by the high immiscibility and stiffness asymmetry
between the rigid rod and flexible coil segments.21–24 Such block
copolymers combine the advantages of conjugated and non-
conjugated polymers, resulting in materials with desirable
functions such as enhanced electronic and mechanical proper-
ties.25–28 Therefore, incorporating fluorinated moieties in the coil
segment of rod–coil block copolymers is expected to produce
copolymers with interesting properties, such as those mentioned
above, and advantageous morphologies, which can be beneficial
for their application in optoelectronics. In addition, due to the
low surface energy of fluorinated compounds, the fluorinated
segments in rod–coil block copolymers may be able to align at
the polymer–air surface of the polymer thin film, thereby
providing polymers with increased resistance to oxygen, moist-
ure, heat and chemicals. Furthermore, the strong incompatibility
of fluorine groups with conventional hydrocarbon-based deriva-
tives may cause fluorine segments to self-aggregate, which results
in polymers with interesting morphologies, and enhanced
electronic and surface properties.29
For the preparation of block copolymers, including the
conjugated rod–coil block copolymers, living radical polymer-
ization (LRP) techniques, including atom transfer radical
polymerization (ATRP),30,31 single electron transfer-living
radical polymerization (SET-LRP),32,33 nitroxide-mediated free
radical polymerization (NMP)34,35 and reversible addition–
fragmentation chain transfer (RAFT) polymerization, 36–38 are
efficient approaches. Among them, ATRP is a versatile method
for synthesizing block copolymers, due to its ability to control
polymer architecture, molecular weight and molar mass
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distribution, the moderate experimental conditions, and its
applicability to a wide range of monomers.39–42
In this work, based on the idea mentioned above, we aimed
to synthesis polymers containing fluorinated alkyl methacry-
late covalently attached to the polyfluorene-based rod part (PF)
to form rod–coil diblock copolymers (PF-b-PHFBMA) by ATRP.
The thermal, optical and surface properties of the polymers
have been investigated. Furthermore, on the premise of
guaranteeing the photoelectronic properties of polyfluorene-
based polymers, we focused our attentions towards studying
how the surface properties of the polymers could be enhanced
by introducing fluoromonomers. In particular, the influence of
different selective solvents (i.e. THF, CHCl3 and C2F3Cl3) on




2-Bromo-9,9-di-n-hexylfluoreneboronic acid (98%) was sup-
plied by Changsha Luxing Bio-Chem Technology Co., Ltd.
Tetrakis (triphenylphosphine)palladium(0) (Pd(PPh3)4, 98%)
was obtained from Aladdin. 4-Bromobenzyl alcohol (98%) was
purchased from Energy Chemical. 1,1,4,7,7-
Pentamethyldiethylenetriamine (PMDETA, 98%) was pur-
chased from Aldrich. Ethyl 2-bromoisobutyrate (98%) was
purchased from A Better Choice for Research Chemicals
GmbH & Co. KG. (ABCR). The above reagents were used
without further purification. 2,2,3,3,4,4,4-Heptafluorobutyl
methacrylate (HFBMA, 98%) obtained from ABCR was washed
with 5 wt% aqueous NaOH solution to remove the inhibitor
before polymerization. Copper(I) chlorine (98%) obtained from
Aldrich was washed with acetic acid and then methanol, and
then dried under vacuum at 45 uC for 24 h. Cyclohexanone,
THF, CHCl3 and C2Cl3F3 were obtained from SCRC and used
without further purification.
Synthesis of hydroxyl-ended polyfluorene (PF-OH)
1.6453 g (3.60 mmol) of 2-bromo-9,9-di-n-hexylfluoreneboronic
acid and 62.4 mg of tetrakis (triphenylphosphine)palladium(0)
were put in a 50 mL flask. Then, a mixture of 15 mL of toluene
and 10 mL of 2 M K2CO3 (aq) were added. The solution was
degassed and flushed with nitrogen three times. After heating
(90 uC) and vigorously stirring the mixture for 48 h, excess
4-bromobenzyl alcohol dissolved in 5 mL DMF was added as
an end capping reagent. Heating (90 uC) the mixture for 8 h
followed by reprecipitation of the reaction mixture in 400 mL
of methanol formed a solid. The solid was washed with water,
dissolved in 5 mL of methylene chloride and precipitated into
200 mL of methanol to form 1.1154 g of the target polymer. 1H
NMR (400 MHz, CDCl3): d (ppm) = 0.60–0.98 (3H,
–CH2(CH2)4CH3), 1.05–1.31 (8H, –CH2(CH2)4–CH3), 2.05–2.26
(2H, CH2C5H11), 4.77 (2H, –C6H5CH2OH), 7.26–7.9 (10H,
protons on fluorene (aromatic) and phenyl end groups).
Synthesis of polyfluorene macroinitiator (PF-Br)
In a 50 mL flask, 1.1 g PF-OH was dissolved in 20 mL of
anhydrous THF, after which 1.0 mL of triethylamine was added
to the solution. Then, 1.0 mL of 2-bromoisobutyryl bromide was
added slowly by syringe at 0 uC and the reaction mixture was
stirred at room temperature for 24 h. After the mixture was
poured into 200 mL of cold methanol, a solid was obtained. The
solid was redissolved into 5 mL of THF and reprecipitated into
200 mL of cold methanol to form 0.9 g of light yellow powder.
1H NMR (400 MHz, CDCl3): d (ppm) = 0.60–0.98 (3H,
–CH2(CH2)4CH3), 1.05–1.31 (8H, –CH2(CH2)4–CH3), 2.05–2.26
(2H, CH2C5H11), 5.28 (2H, –C6H5CH2OCOCBr(CH3)2), 7.26–7.9
(10H, protons on fluorene (aromatic) and phenyl end groups).
Synthesis of PF-b-PHFBMA rod–coil block copolymers
100 mg (0.017 mmol) of PF-Br dissolved in 2.5 mL of
cyclohexanone was added to a 25 mL flask, followed by the
addition of 14.2 mL of PMDETA with stirring. Then, 3.4 mg of
CuCl was added to the solution. The mixture was degassed and
filled with nitrogen three times at 0 uC, followed by the
addition of a certain amount of 2,2,3,3,4,4,4-heptafluorobutyl
methacrylate. After stirring at ambient temperature for 10 min,
the flask was immersed in an oil bath at 80 uC for 24 h. Then,
the flask was cooled to room temperature. The copolymer
solution was added to THF, passed through an alumina
column to remove the catalyst, and then precipitated with
methanol several times to obtain the diblock copolymer. 1H
NMR (400 MHz, CDCl3): d (ppm) = 0.60–0.98 (3H,
–CH2(CH2)4CH3), 1.05–1.31 (8H, –CH2(CH2)4–CH3), 2.05–2.26
(2H, CH2C5H11), 4.42 (2H,–OCH2(CF2)2CF3), 7.26–7.9 (10H,
protons on fluorene (aromatic) and phenyl end groups).
Measurements
1H NMR spectra were collected on a Bruker Avance 400
instrument with deuterated chloroform as the solvent.
Fourier-transform infrared (FTIR) spectra were obtained on
an Avatar 360 FTIR spectrophotometer by dispersing samples
in KBr disks.
The molecular weight (Mn) and molecular weight distribu-
tion (Mw/Mn, PDI) of the polymers were determined at 40 uC by
gel permeation chromatography (GPC) equipped with a waters
1515 isocratic HPLC pump, three Styragel columns (Waters
HT4, HT5E, and HT6) and a waters 2414 refractive index
detector (set at 30 uC), using THF as the eluent at a flow rate of
1.0 mL min21. A series of poly(methyl methacrylate) narrow
standards were used to generate a conventional calibration
curve.
The UV-Vis spectra were recorded on a Shimadzu 2100
spectrophotometer. The concentrations of the copolymer
solutions were adjusted to about 0.01 mg mL21 or less.
The fluorescence measurement was carried out on a Hitachi
7000 spectrofluorometer with a xenon lamp as a light source.
Thermogravimetric analysis (TGA) was conducted on a SDT
Q600 with a heating rate of 10 uC min21 from room
temperature to 800 uC in nitrogen gas.
Differential scanning calorimetry (DSC) was run on a
differential scanning calorimeter (Netzsch DSC 200). The
samples were first heated at a rate of 10 uC min21 to 150 uC














































and then held at constant temperature for 5 min to eliminate
thermal history. The samples were quenched at a rate of 240
uC min21 to 0 uC before being reheated to 150 uC at a rate of 10
uC min21. All data associated with the glass transition
measurements were obtained from the second heating scan.
Contact angle measurements were carried out on a Contact
Angle Measuring Instrument (KRUSS, DSA30) by casting the
copolymer solutions (10 mg mL21) on glass slides (75 6 15 6
1 mm3) at room temperature. The wetting liquid used was
water. For each angle reported, at least five sample readings
from different surface locations were averaged.
X-ray photoelectron spectra (XPS) were recorded with a PHI
Quantum 2000 scanning ESCA microprobe, equipped with an
Al Ka12 monochromatic source of 1486.6 eV. The beam was
200 mm in diameter and the analysis area was 1.5 6 0.2 mm2.
The measurements were typically performed at 35 W. XPS
samples were prepared using the following method: the block
copolymer was dissolved in THF, cast onto a silicon wafer and
then dried under vacuum at room temperature.
Scanning electron microscopy (SEM) of the polymer films
was carried out with a Hitachi S-4800 electron microscope,
after covering the films with a thin layer of sputtered platinum
by thermal evaporation. The films for the SEM measurements
were prepared with a single drop of copolymer solution (10 mg
mL21 in THF) on a freshly cleaned silicon wafer and dried in a
vacuum at room temperature.
Results and discussion
Characterization of the polymer structure
The PF-b-PHFBMA block copolymers were prepared via ATRP
with the bromo-ended polyfluorene macroinitiator (see
Scheme 1). PF-OH was prepared through a modified Suzuki
coupling reaction43 with 2-bromo-9,9-di-n-hexylfluoreneboro-
nic acid and a 4-bromobenzyl alcohol end-capper. The reaction
was carried out in the dark to block the formation of
fluorenone defects,44 which tend to reduce the PL properties
of fluorenic compounds. Esterification of the above product
with 2-bromoisobutyryl bromide produced PF-Br. The chemi-
cal structures of PF-OH and PF-Br were characterized by 1H
NMR and FTIR. Fig. 1 shows the 1H NMR spectra of PF-OH and
PF-Br. The proton signals from the hydroxyl moiety of PF-OH
were clearly observed at 4.77 ppm, indicating the successful
incorporation of the end-capper 4-bromobenzyl alcohol.
Conversion of the end groups into bromide (PF-Br) was
confirmed by the disappearance of the signal at 4.77 ppm
and the appearance of peaks at 5.28 ppm. The successful
synthesis of PF-OH and PF-Br also can be confirmed by the
appearance of the adsorption peak at 3435 cm21 in Fig. 2a and
1735 cm21 in Fig. 2b, which were assigned to the stretching
vibrations of the –OH group in the end-capper 4-bromobenzyl
alcohol and the CLO group in 2-bromoisobutyryl bromide,
respectively.
By controlling the feed ratio of the HFBMA monomer to the
PF macroinitiator, four block copolymers P1, P2, P3 and P4
with different degrees of polymerization (DP) of HFBMA were
obtained. The detailed experimental conditions and physical
data for the four block copolymers are given in Table 1. The
Scheme 1 The synthesis route for the PF-b-PHFBMA block copolymers.














































chemical structures were confirmed by 1H NMR (see Fig. 3). As
illustrated in Fig. 3, the appearance of peaks at 4.42 ppm,
corresponding to the protons of the –CH2– group of HFBMA,
indicate the successful synthesis of PF-b-PHFBMA. The
different DP of PF-b-PHFBMA could be confirmed by the
different intensity of the peaks at 4.42 ppm.
Fig. 1 1H NMR spectra of (a) PF-OH and (b) PF-Br in CDCl3.
Fig. 2 FTIR spectra of (a) PF-OH and (b) PF-Br.














































The molecular weight (Mn) and molecular weight distribu-
tion (Mw/Mn, PDI) of the polymers were determined by GPC
measurements with THF as the eluent and the corresponding
GPC traces are shown in Fig. 4. The relatively high value of Mw/
Mn indicates a slightly broader polydispersity and also shows a
slight tail towards a low molecular weight, which may be due
to the poor initiation efficiency caused by recombination. In
addition, the GPC trace of PF-Br is almost the same as that of
PF-OH due to the bromination of PF-OH. The results show that
the molecular weight of PF-OH is 5947 g mol21 with a PDI of
1.56 and the molecular weight of PF-Br is 6067 g mol21 with a
PDI of 1.48. However, for the PF-b-PHFBMA diblock copoly-
mers, the molecular weights obtained using GPC appear to be
unusual. The results from GPC show a significantly lower
molecular weight compared with the results calculated using
1H NMR, and the molecular weights decrease with the
increasing ratio of PF-Br macroinitiator to HFBMA monomer.
This phenomenon may be explained by considering that the
GPC measurements yield molecular weights based on the
narrowly distributed poly(methyl methacrylate) calibration
standard. Semifluorinated diblock copolymers have different
hydrodynamic volumes which originate from their different
molecular structures, e.g. a poor solubility in THF and a
presumably rather collapsed coil structure.45,46 Therefore, the
experimental molecular weights determined by GPC should
only be regarded qualitatively. Therefore, the GPC measure-
ments and the 1H NMR method were used to confirm the
molecular weights (Mn) of PF-OH, PF-Br and the PF-b-PHFBMA
diblock copolymers,47,48 and the corresponding results are
listed in Table 1.
Table 1 Experimental conditions and properties of the polymers
Polymer [HFBMA monomer]/[PF-Br macroinitiator] Time (min) Mn
a (g mol21) Mn
b (g mol21) Mw/Mn
b DP of PHFBMAc
PF-OH — — — 5947 1.56 —
PF-Br — — — 6067 1.48 —
PF-b-PHFBMA12 50 24 9312 9482 1.50 12
PF-b-PHFBMA36 70 24 15 744 9645 1.60 36
PF-b-PHFBMA59 100 24 21 908 9116 1.64 59
PF-b-PHFBMA87 130 24 29 412 8782- 1.60 87
a Calculated from 1H NMR. b Measured by GPC. c Calculated from 1H NMR.
Fig. 3 1H NMR spectra of PF-b-PHFBMA with different DP with the integral quantity of the protons at 4.42 and 7.26–7.29 ppm.















































The thermal properties of PF-Br and PF-b-PHFBMA were
studied using TGA and DSC, and the corresponding curves
are shown in Fig. 5 and 6, respectively.
The TGA curve for PF-Br presents two thermal degradation
temperatures at 225 uC and 425 uC (see Fig. 5), which are
attributed to the decomposition of the micromolecules and
polyfluorene, respectively. The diblock copolymers (PF-
b-PHFBMA), undergo two-step decompositions under nitro-
gen. The first thermal decomposition temperature (250–325
uC) comes from the degradation of the flexible PHFBMA block
of the copolymers. After the decomposition temperature of the
flexible-coil blocks, the PF rod segments begin to decompose
from 350 uC to 500 uC. Compared to PF-Br, the incorporation
of PHFBMA with polyfluorene results in a slight reduction in
the thermal stability of the polymers, but still presents good
thermal stability.
For all samples, the DSC curves in Fig. 6, do not show any
crystallization or melting peaks, indicating that these poly-
mers are amorphous. The DSC curve of PF-Br presents a glass
transition temperature (Tg) of 55 uC. For PF-b-PHFBMA, the
glass transition appears only at around 52 uC, which is the
overlap of the Tg regions of PHFBMA (50 uC) and PF (55 uC).
Optical properties
The optical properties of the polymers were investigated in
dilute solutions as shown in Fig. 7 and 8.
Fig. 7 shows the UV-Vis absorption spectra (Fig. 7a) and
photoluminescence (PL) spectra (Fig. 7b) of PF-Br and PF-
b-PHFBMA in a dilute solution of THF. The absorption spectra
of PF-Br and PF-b-PHFBMA do not show a noticeable
difference in spectral shape, and they present an identical
absorption maximum at around 375 nm. The PL spectra of PF-
Br and PF-b-PHFBMA are similar with a fluorescence max-
imum at 416 nm and two vibronic bands at l = 438 nm and
471 nm, which corresponds to the results from the absorption
spectra. As mentioned in the GPC measurements, the
PHFBMA block appears to have low solubility in THF, while
the PF segment is highly soluble in THF which leads to the
formation of micelles of PF-b-PHFBMA copolymers composed
of a PF corona and a PHFBMA core. Therefore, the solutions of
PF-b-PHFBMA consist of micelles and unimers.48 The results
of the absorption spectra and fluorescence spectra show that
the optical properties of PF-b-PHFBMA do not depend on the
incorporation of the PHFBMA segment and the increase in the
length of the PHFBMA block. These results can be explained
by the fact that the incorporation of the PHFBMA segment and
the variation in the length of the coil segment do not change
the effective conjugated length of the PF moiety. Furthermore,
the results also suggest that the formation of micelles
containing a PF corona and a PHFBMA core do not influence
the optical properties of PF-b-PHFBMA. The short PF segment
and the well-dispersed corona in THF, lead to insignificant
aggregation of the PF segments in the corona wall of the
micelles, and this may explain the results.49
In order to verify the results obtained above and further
understand the influence of different types of solvents on the
Fig. 4 GPC traces of PF-OH, PF-Br and the PF-b-PHFBMA copolymers.
Fig. 5 TGA curves of (a) PF-Br, (b) PF-b-PHFBMA12, (c) PF-b-PHFBMA36, (d) PF-
b-PHFBMA59 and (e) PF-b-PHFBMA87.
Fig. 6 DSC curves of (a) PF-Br, (b) PF-b-PHFBMA12, (c) PF-b-PHFBMA36, (d) PF-
b-PHFBMA59 and (e) PF-b-PHFBMA87.














































optical properties of PF-b-PHFBMA, CHCl3 and C2F3Cl3 were
also used as solvents to dissolve the PF-b-PHFBMA copoly-
mers. Fig. 8 shows the absorption spectra (Fig. 8a) and the
fluorescence spectra (Fig. 8b) of PF-b-PHFBMA87, which was
chosen as a representative due to its ability to dissolve well in
THF, CHCl3 and C2F3Cl3, and its strong tendency to self-
assemble into micelles in THF, CHCl3 and C2F3Cl3. The
absorption spectra and the fluorescence spectra of PF-
Fig. 7 UV-Vis absorption spectra (a) and PL spectra (b) of the polymers in THF (#1025 M) at room temperature.
Fig. 8 UV-Vis absorption spectra (a) and PL spectra (b) of PF-b-PHFBMA87 in THF, CHCl3 and C2F3Cl3 (#1025 M) at room temperature.














































b-PHFBMA87 in CHCl3 show almost the same results as in
THF, with an absorption maximum at 375 nm and a
fluorescence maximum at 416 nm, corresponding to the
photoemission of the PF blocks. In C2F3Cl3, both the
absorption and the fluorescence maxima are shifted to 366
nm and 407 nm.
The PHFBMA block has poor solubility in CHCl3 and THF,
while the PF segment is highly soluble in CHCl3 and THF,
which leads to the formation of micelles composed of a PF
corona and a PHFBMA core. The same optical results obtained
for the copolymer in both CHCl3 and THF verify and support
the conclusion obtained above. However, contrary to CHCl3
and THF, C2F3Cl3 is a good solvent for the PHFBMA block and
a poor solvent for the PF segment, leading to the formation of
another type of micelle which are composed of a PHFBMA
corona and a PF core. The formation of the micelles in the
three different solvents is illustrated in Scheme 2.The different
position of the PF segment in the micelles results in a
variation in the optical properties of PF-b-PHFBMA in the
different solutions. The blue shift of the absorption maximum
suggests a reduction in the effective length of the conjugated
PF blocks, which is attributed to the p–p transition of the PF
block, resulting from the less planar structure of the PF block
on account of the formation of H-type aggregation. The blue
shift of the fluorescence maximum is a consequence of an
interchain p–p* interaction between parallel PF blocks result-
ing from aggregation. The optical properties induced by the
intermolecular interactions are explained by the molecular
exciton mode.50 In this model, a splitting of the absorption
band is induced by the two orientations of the molecular
transition dipole moments, giving rise to H-aggregates
(parallel orientation of the molecules) and J-aggregates
(head-to-tail orientation).
Surface properties
In order to investigate the effects of the fluorinated coil block
(PHFBMA) and the self-assembly behavior in different solvents
on the surface properties of the polymers, a water contact
angle (WCA) measurement is used to determine the hydro-
phobicity and the surface energy of the polymers. The contact
angle is defined as the angle between the substrate surface and
the tangential line at the point of contact of the liquid droplet
with the substrate. A higher contact angles means that the
surface of the membrane has become more hydrophobic.
With the purpose of investigating the influence of the self-
assembly behavior in different selective solvents on the surface
properties of PF-b-PHFBMA, PF-b-PHFBMA87 is chosen for the
reasons mentioned above and THF, CHCl3 and C2F3Cl3 are
chosen as the solvents. The results of the WCA measurements
and the calculated surface energies of PF-b-PHFBMA87 cast
from solutions of THF, CHCl3 and C2F3Cl3 are shown in Fig. 9
and Table 2. The water contact angles towards the air-side
surface of the polymer films cast from solutions of THF, CHCl3
and C2F3Cl3 are 115u, 116u and 122u respectively, and the
corresponding surface energies are 14.22 mN m21, 13.67 mN
m21 and 10.53 mN m21 respectively. The surface energy of PF-
b-PHFBMA87 using C2F3Cl3 as the solvent is much lower than
when using THF or CHCl3 as the solvent. This phenomenon
can be explained by the combined effects of the surface
aggregation of the unimers and the micelles of PF-
b-PHFBMA87.
48,51–53 As mentioned above, the solutions of PF-
b-PHFBMA87 are composed of unimers and micelles in
selective solvents such as THF, CHCl3 and C2F3Cl3. When
the fluorine content in PF-b-PHFBMA is low, the amount of
unimer is large and the PFHBMA segments of unimers tend to
aggregate on the surface of the polymer film in order to
minimize the interfacial energy. This is added to the fact that
the micelles easily dissociate during film formation, leading to
dense CF3 groups on the surface of the polymer film and a low
Scheme 2 The formation of micelles of PF-b-PHFBMA in THF, CHCl3 and C2Cl3F3.
Fig. 9 Static WCA images of PF-b-PHFBMA87 cast from solutions of THF (a),
CHCl3 (b) and C2F3Cl3 (c) (#1025 M).
Table 2 The static water contact angles of PF-b-PHFBMA87 cast from solutions










Fig. 10 Static WCA images of (a) PF-Br, (b) PF-b-PHFBMA12, (c) PF-b-PHFBMA36,
(d) PF-b-PHFBMA59 and (e) PF-b-PHFBMA87 cast from THF solution.














































surface energy. When the fluorine content in PF-b-PHFBMA
increases, the amount of the PF-b-PHFBMA unimer decreases
and the micelles formed in the selective solvents become
steady, resulting in a high resistance to dissociation, which
leads to a lower number of CF3 groups on the polymer surface
and a higher surface energy. For PF-b-PHFBMA87, the fluorine
content is high and therefore the amount of unimer is low and
the micelles are steady in selective solvents. This means that
the fluorine content at the film surface and the surface energy
are determined by the structures of the micelles. Therefore,
the water contact angle of the polymer films cast from the
solution of C2F3Cl3 is higher than that of the films cast from
the solution of THF or CHCl3.
As a commonly used solvent, THF demonstrates selectivity
for the PF-b-PHFBMA diblock copolymers as mentioned above
and reveals an unusual behavior when used as the eluent in
GPC measurements. Therefore, we chose THF as the solvent
when investigating in detail the influence of the length of
Table 3 The static water contact angles of the polymers dependent on the
PHFBMA content
Sample PF-b-PHFBMAy H(H2O)(u) cs
a(mN m21)
No. 1 PF-Br 103 21.17
No. 2 PF-b-PHFBMA12 108 18.21
No. 3 PF-b-PHFBMA36 110 17.04
No. 4 PF-b-PHFBMA59 111 16.47
No. 5 PF-b-PHFBMA87 115 14.22




Fig. 11 XPS scanning spectrum for the air-side surfaces of the PF-b-PHFBMA copolymers cast from THF solution with different lengths of PHFBMA blocks and DP of (A)
12, (B) 36, (C) 59, (D) 87, respectively.
Table 4 The surface compositions of the PF-b-PHFBMA diblock copolymers
measured by XPS
Sample PF-b-PHFBMAy F in bulk
a (%) C 1s (%) O 1s (%) F 1s (%)
No. 1 PF-b-PHFBMA12 17.4 71.23 7.06 21.71
No. 2 PF-b-PHFBMA36 30.7 51.89 11.00 37.11
No. 3 PF-b-PHFBMA59 36.1 45.58 11.05 40.37
No. 4 PF-b-PHFBMA87 39.5 50.66 10.59 38.75
a F% in bulk is the weight percent of fluorine, obtained from the
equation: F% = (7 6 19 6 DP)/(5947 + 268 6 DP), where DP is the
polymerization degree of the PHFBMA block.














































PHFBMA on the surface properties. A new equation, 1 + cos h =
2(cs/cL)
1/2 exp[2b(cL 2 cs)
2], which was formulated by Li and
Neumann,54,55 is applied to calculate the surface energy. b is a
constant with a value of 0.0001247 (m2 mJ21)2, which is
determined from contact angle data for the low energy of the
solid; cs, cL and h are the surface energy of the solid, the
surface energy of the test liquid and the contact angle,
respectively. The results of the WCA measurements and the
calculated surface energies of the polymer films cast from the
solution in THF are listed in Fig. 10 and Table 3. The water
contact angles towards the air-side surface of the polymer
films increase gradually with the increasing content of the
PHFBMA block from 103u for PF-Br to 115u for PF-
b-PHFBMA87. The surface energies of the polymer films
decrease with the increasing content of the PHFBMA block,
and the surface energy of PF-b-PHFBMA87 (14.22 mN m
21) is
much lower than that of PF-Br (21.17 mN m21). The water
contact angle characterization convincingly demonstrates that
incorporating fluorinated moieties in the coil segment of the
polyfluorene rod can produce low surface energy materials.
Additionally, XPS was carried out to determine the surface
chemical composition of the polymer films cast from solution
in THF. From Fig. 11, the XPS spectra of the copolymers are
comprised of four strong peaks and one weak peak, at
approximately 835, 687, 532, 285 and 32 eV, which result
from direct photoionization from the F KLL, F 1s, O 1s, C 1s
and F 2s core levels, respectively. The atomic contents of C 1s,
O 1s and F 1s are listed in Table 4. Table 4 shows that the
content of fluorine at the air-side surface increases gradually
when the fluorine content in the bulk is also increased. The
slight decrease in the fluorine content of the surface of PF-
b-PHFBMA87 may be due to the high resistance towards
dissociation as mentioned above. In addition, the fluorine
content at the polymer–air interface is slightly higher than in
the bulk, which is in very good agreement with the results
obtained from the contact angle measurements.
In order to determine the morphologies of the polymer
films, the surfaces of the polymer films cast from THF solution
were imaged by SEM (shown in Fig. 12). For the polyfluorene
macroinitiator (PF-Br) (Fig. 12a), a lamellar surface morphol-
ogy was observed. The formation of a lamellar morphology
might be caused by the strong p–p stacking interactions
between the PF rod segments. For the PF-b-PHFBMA diblock
copolymers, as seen in Fig. 12b–12e, increase of the fluorine
content in the coil block dramatically alters the thin film
morphology. PF-b-PHFBMA with a low fluorine content
appeared to form a rounded earth mound morphology
(Fig. 12b), and as the fluorine content in the coil segment
increased, the surface formed stripe-like (Fig. 12b), long rod-
like (Fig. 12c) and short rod-like (Fig. 12d) morphologies. The
formation of these morphologies at the surface of the PF-
b-PHFBMA films might be attributed to the strong microphase
separation between the rigid rod and flexible coil segments,
and the aggregation behavior of the micelles induced by their
different solubilities in THF. The diversification in the surface
morphologies of PF-b-PHFBMA may give the polyfluorene-
based copolymers many potential applications and better
optoelectronic properties.
Conclusion
In this work, PF-b-PHFBMA diblock copolymers with well-
defined structures were successfully synthesized via combin-
ing the Suzuki reaction with ATRP polymerization. The results
of TGA and DSC showed that the PF-b-PHFBMA copolymers
presented good thermal stability and were amorphous.
The UV-Vis and PL measurements indicated that the optical
properties did not depend on the incorporation of the
PHFBMA segment or the increase in the length of PHFBMA
block. In addition, the results of the optical properties
investigated in different selective solvents suggested that the
different structures of micelles significantly influenced the
optical properties of PF-b-PHFBMA. The formation of micelles
composed of a PF corona and a PHFBMA core did not exhibit
noticeable influence on the optical properties. However, the
formation of micelles composed of a PF core and a PHFBMA
corona resulted in a blue shift in both the absorption spectra
and the fluorescence spectra due to the H-aggregation of the
PF block.
The surface properties investigated in different selective
solvents suggested that the existence and the different
structures of the polymer micelles really affected the surface
content of fluorine and thus influenced the surface energy of
PF-b-PHFBMA. Additionally, the results of the surface mea-
surements also led to the conclusion that the incorporation of
fluorine-containing coil segments in the polyfluorene-based
polymers really gave the copolymers a low surface energy, a
water-repellent surface and interesting surface morphologies
which gives the polymer many potential applications.
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Fig. 12 SEM images of the morphologies of (a) PF-Br, (b) PF-b-PHFBMA12, (c) PF-
b-PHFBMA36, (d) PF-b-PHFBMA59 and (e) PF-b-PHFBMA87 cast from THF
solutions.
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